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Fig. 7. Relative increment in phase across a symbol period,
between a received signal and the corresponding matched ﬁlter
coefﬁcients, when modulation index offsets of ∆h = 0 (top),
∆h = 0.07 (middle), and ∆h = −0.07 (bottom) exist between
transmitter and receiver.
index. Consequently, if the receiver adopts a modulation index
ˆ h, and h > ˆ h, then phase trajectories of the transmitter will
be positive with respect to those assumed by the receiver when
p[k] = 1, and negative with respect to the phase trajectories
assumed by the receiver when p[k] = −1. Accordingly, the de-
viation in phase increment between the transmit signal and the
corresponding matched ﬁlter coefﬁcients amounts to approxi-
mately p[k](h− ˆ h)π across a symbol period. This discrepancy
can be observed from the angle of the output of the correctly
matched intermediate ﬁlter after it has been appropriately ro-
tated and accumulated to reﬂect the phase gain over preceding
symbol stages. This is exemplarily shown in Fig. 7 for a single
symbol, whereby the dashed and solid lines imply trajectories
due to a modulating pulse of +1 and -1 respectively. It is clear
from Fig. 7 that a negative modulation index offset reﬂects the
phase tree about the zero axis.
Hence, in the low-cost MFB receiver, we employ the phase
term
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to determine the amount by which the transmitter modulation
index exceeds that of the receiver. Analogous to Sec. 4.2, in
(17) the quantity y
(a)
k refers to the maximum element of y
(a)
k in
Fig. 3, associated with the correct symbol sequence, and lead-
ing to the detection of the symbol at the center of the observa-
tion interval, p[k − K−1
2 ]. The complex conjugate term in (17)
ensures that the phase is measured relative to zero, while as im-
plied in Fig. 7, p[k− K−1
2 ] compensates for the sign change im-
posed by the modulating symbol during the interval over which
signal phase is assessed. This is more obvious for the simple
case where an all 1 or all -1 symbol steam is transmitted, and if
we assume KBT = ∞ so that no ISI exists. Therefore we have
|g[n]| =
1
2N
,
while
|ω[n]| = 2πh · |g[n]|
=
πh
N
,
such that (17) can be derived as follows
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Fromtheabovediscussion, andmainlyfrom(18), itfollows
thatifh > ˆ hthenξh,IFO > 0, andtheconverseistruewhenh <
ˆ h. Therefore to adapt the receivers estimate of the modulation
index ˆ h, we employ an iterative technique
ˆ h[k + 1] = ˆ h[k] + µh·ˆ ξh,IFO[k] , (19)
where ˆ ξh,IFO[k] is an instantaneous value of the term in (17)
based on a single symbol period, and evaluated as
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Bear in mind that the element y
(a)
k in (20), is based on the es-
timated symbol sequence and the detected symbol ˆ p[k], rather
than the true quantities assumed in (17), and that ideally ˆ p[k] =
p[k − K−1
2 ].